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1 2791%EFRAK in OCaml

1.1 kB4R 2 24R%EAK in OCaml (ocaml/bst/)
1.1.1 J7 Y7V hefEiof 2 DADRER
2DAROWEEIZ menu DEDBHIFT 7TV 25 LRHRIZERTDLILANTES.

(* Defining the shape of trees *)
type tree =
Lf (* Leaf *)
| Br of { (% Branch *)
left: tree;
value: int;
right: tree;
}
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let t1 = Br {left = Lf; value = 10; right = Lf}
let t2 = Br {left = Lf; value = 25; right = Lf}
let t3 = Br {left = t1; value = 15; right = t2}
let t4 = Br {left = Lf; value = 60; right = Lf}
let t5 = Br {left = Lf; value = 48; right = t4}
let t6 = Br {left = t3; value = 30; right = t5}

DESITUTED ZENTED. 2 EBEREMET D Java 7RI T LEHANTALS. )

2 DARIZE Y B BRI IR, K251 E LT, TOMETHED T 217V, Br DEFATIE, HAARIION
THBIFUCHL 2175 £S5 BIROBBRERIZLS.

let rec f(t, ...) =
match t with
Lf -> ...
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| Br {left=1; value=v; right=r} ->
D@, Lo Ll £ (x, L))

ZH1 D left 7«4 — IV RO, v »¥value 71—V K, r ¥ right 7 14—V ROMEIZ DT AR LR >T
W, NE=UIIwFOENITT, HORPBEOIRY I UNHRICGKETETHS.

1.1.2 #3%

RO 7ZODE find X 00 2 9HRAKR OELI— R, £ LKL, Java D static AV v R&ffio 22812 &
SPAFIZRS.

(* (Recursive) function find, which returns whether given integer n exists in BST t *)
let rec find(t, n) =
match t with
Lf -> false
| Br {left=1; value=v; right=r} ->
if n = v then true
else if n < v then find(1l, n)

else (*x n > v *) find(r, n)

1.1.3 #HA

AL BRIC AT — REIZEFA U TH D, EOHAIZIEH Ui % Br {left=Lf; value=n; right=Lf}
EFO>TE->TWS., HIRECHLUZTOBICE, MALTEONAZTOAKREZ Br {...3 IZANT, FHLWVK
ZIRLTWD.

(* (Recursive) function insert, which, given BST t and a new element n, returns
a new binary search tree with n *)
let rec insert(t, n) =
match t with
Lf -> Br {left=Lf; value=n; right=Lf}
| Br {left=1; value=v; right=r} ->
if n = v then t
else if n < v then Br {left=insert(l, n); value=v; right=r}

else (x n > v *) Br {left=1; value=v; right=insert(r, n)}

1.1.4 Bk
HIBRE, ZZEFTHHMBTITOIEBEETH D, 30, 208RKRTOB/MEZ KD 2B nin Z2EHETD.

(* Function min, which, given BST t, returns the minimum value stored in t.
If t is empty, it returns min_int. *)
let rec min t =
match t with

Lf -> min_int (* The smallest representable integer, which is predefined *)



| Br {left=Lf; value=v; right=_} -> v
| Br {left=1 ; value=_; right=_} -> min 1
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| Br {left=Lf; value=v} -> v
| Br {left=1} -> min 1

F7-,

| Br {left=Lf; value=v} -> v
| Br {left=1; _} -> min 1
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(* (Recursive) function delete, which, given BST t and an element n to
be deleted, returns a new binary search tree without n. If n is not
stored in t, it returns t as it is. *)

let rec delete(t, n) =

match t with
Lf >t
| Br {left=1; value=v; right=r} ->
if n = v then
match 1, r with
Lf, Lf ->Lf
| Br _, Lf -> 1
| Lf, Br ->r
| Br _, Br _ —>
let m = min r in
Br {left=1; value=m; right=delete(r, m)}
else if n < v then Br {left=delete(l, n); value=v; right=r}
else (*x n > v *) Br {left=1; value=v; right=delete(r, n)}
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UZd, —HT, NZ—=VBr _ D _I&, SHOLIIHZAET 4 IV RPRERGEETE, BTSSRV,
CAULBr MBI MAEBBELTEILEZABLLTVDRDIEFEETVEVSIHENLTHSD. (ZI5NA, DL
HAN—BELUTORVKETEA, LIA—ROT7 14—V REEBKTED ZEMWBIANHRECHTD. )

1.2 54 2 2% in OCaml (ocaml/bstMutable/)
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1.2.1 Jr YTV bNEF2H0KDRERR

JE AR 2 3 KIE, mutable 2o TV A—RDKE T — )V RELHAGELZ L EHETHE T TRET LI AT
EEEN

(* Defining the shape of trees *)
type tree =
Lf (* Leaf *)
| Br of { (% Branch *)
mutable left: tree; (% all fields are mutable *)
mutable value: int;
mutable right: tree;
}

BRI 2 P ARDMED T3kt 856 e 2<FAUTHS.

let t1 = Br {left = Lf; value = 10; right = Lf}
let t2 = Br {left = Lf; value = 25; right = Lf}
let t3 = Br {left = t1; value = 15; right = t2}
let t4 = Br {left = Lf; value = 60; right = Lf}
let t5 = Br {left = Lf; value = 48; right = t4}
let t6 = Br {left = t3; value = 30; right = t5}

1.2.2 #3%
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let rec find(t, n) =
match t with
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Lf -> false
| Br {left=1; value=v; right=r} ->
if n = v then true
else if n < v then find(1, n)

else (x n > v *) find(r, n)

1.2.3 #HA
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(* (Recursive) function insert, which, given BST t and a new element n, returns
a new binary search tree with n *)
let rec insert(t, n) =
match t with
Lf -> Br {left=Lf; value=n; right=Lf}
| Br br ->
if n = br.value then t
else if n < br.value then (br.left <- insert(br.left, n); t)

else (x n > br.value *) (br.right <- insert(br.right, n); t)
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match t with

| Br ({left=1; value=v; right=r} as br) ->
if n = v then t
else if n < v then (br.left <- insert(l, n); t)

else (* n > v *) (br.right <- insert(r, n); t)

LHELZENTES. (... as br) OEIF as XY=V LIFINDFIET, YV FRHROME (ZZTldayv
ANZ 7 Br IIMMEINZLI—R)IZHLT ... OFHICEINLZNNE—2 Yy F2LDD, 2KIZIE br
EVWIHTIEDITT, > DREFATLILNTES.

D if D then ¥, else BHIZFHEIIADOWVWTWVWBE DI, I a0V &V E if~then~else DFEEH TR /-
OTHB. (LDFELIEOCaml FEEAM (TD 3, filfHkEE) 22RO L. )

DFY, FlZIX (br.right <- insert(r, n); t) OIMUDFEIIA LN L,

else (if n < v then (br.left <- insert(br.left, n); t)
else br.right <- insert(br.right, n));



DEDIZETED t W if D—EEABRINBLLB>TULED. ZTOHKE, then #idt 2F Y tree BLDOAMN
EPNTWBEDIZ, else X714 —I)VREFERX, 4805 unit ORI R > THIETRPESTLUEDS /20,

Error: This expression has type unit but an expression was expected of type tree
DES BT =TS, ( “This expression” l& br.right <- ... ZRLTWV5. )

—7}i, then MOFHEMENT L, LI QD VEKT if —HYIND IS ITHIMINTUL ES 7280, else Wil
T3 HE) THIXTI—IZR>TLED.

1.2.4 HiFR
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(* (Recursive) function delete, which, given BST t and an element n to
be deleted, returns a new binary search tree without n. If n is not
stored in t, it returns t as it is. *)

let rec delete(t, n) =

match t with
Lf > ¢t
| Br br ->
if n = br.value then
match br.left, br.right with
Lf, Lt -> Lf
| Br _, Lf -> br.left
| Lf, Br _ -> br.right
| Br _, Br _ —>
let m = min br.right in
br.value <- m;
br.right <- delete(br.right, m);
t
else if n < br.value then (br.left <- delete(br.left, n); t)
else (* n > br.value *) (br.right <- delete(br.right, n); t)

ZNE Java iREHNRTHAD L WA S,
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match ... with
A-> ...
| B -> match ... with
c > ...
| D> ...
| E > ...



EEVTH, | E > ... OFPINMO match O—FZ LRI NTU £ S (match IFTI B ZFERAITIE
FUTHEDG D). £oT, AMO match % ¢ & D DHAEZ T THRDOSEZWGEITIE,

match ... with
A-> ...
| B -> (match ... with
c > ...
| D->...)
| E-> ...
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